CARDIOVERSION has proved an effective and safe method for reverting ectopic arrhythmias to sinus rhythm.1'-" However, there is increasing evidence that capacitor electrical discharge may provoke arrhythmias in experimental animals12"-4 as well as in man. 2' 6, 15 The majority of abnormal rhythms immediately following cardioversion are atrial in origin and are not serious. They generally represent one of three mechanisms: (1) a delayed "warm-up" of the sinus node manifested by sinus bradycardia, nodal rhythm, or escape beats, (2) increased atrial automaticity as demonstrated by individual or multiple atrial premature beats occurring either singly or in paroxysms of tachycardia, and (3) a defect in elaboration or conduction of the sinus impulse characterized by chaotic atrial activity with changing P wave contour and bradycardia interspersed with multiple and recurring ectopic beats with runs of atrial or nodal tachycardia. The first two mechanisms are transient and generally result in stable sinus rhythm within 1 to 5 minutes. The third mechanism almost invariably reverts to atrial flutter or fibrillation.
The ventricular arrhythmias following cardioversion are less common but may be more serious. These are of two types: The first occurs immediately after the shock and involves development of ventricular fibrillation usually the result of improper synchronization. The second occurs after a delay of several or From more normal beats and may range from unifocal, infrequently recurring ventricular premature beats to more prolonged arrhythmia. The latter can consist of ventricular bigeminy, salvos of multifocal beats, ventricular tachycardia, or even ventricular fibrillation at times ending in death. '6 16 Patients receiving large doses of digitalis or those on maintenance digitalis therapy who have had substantial diuresis immediately prior to cardioversion are likely to show postreversion ventricular arrhythmias. Experimental studies have demonstrated that digitalization lowers the threshold to electrical shock.'8 In control dogs the median transthoracic discharge energy to produce ventricular tachycardia was 400 watt-seconds (ws). In these same animals, shortly after recovery from digitalis toxicity, 0.2 ws produced ventricular tachycardia. This represents a 2,000-fold reduction in threshold. 18 While the experimental data indicate that condenser electrical discharge may provoke arrhythmias in the overdigitalized animal, the evidence in man is at best circumstantial and is based on but few observations. The purpose of the present study was to determine whether patients with atrial fibrillation who develop post-cardioversion ventricular arrhythmias exhibit evidence of digitalis overdosage prior to electrical treatment.
Methods
The occurrence of ventricular ectopic arrhythmias following electrical shock was studied in 107 consecutive cardioversion procedures in 100 patients with atrial fibrillation. Eighteen patients showed frequent ventricular ectopic beats, ventricular bigeminy, or ventricular tachycardia. These patients were designated as group A. The remaining 89 procedures in 82 patients (group B) resulted in either no ventricular arrhythmias or only sporadic ventricular premature beats, that is, less than 5 per minute and not persisting for more than 10 minutes. Group A B diagnosis of overdigitalization was not judged by the occurrence of arrhythmias immediately after electrical reversion. It was based on typical electrocardiographic and subjective manifestations of digitalis overdosage which abated when digitalis drugs were discontinued. The presence of heart block was also instructive. While the mean P-R interval was of the same duration in the two groups, first degree heart block was noted in 54% of group A and 37% of group B. In one patient of group A cardioversions were accomplished on two (fig. 4) . Use of digitalis leaf was stopped for the ensuing 5 days at which time atrial fibrillation recurred. A second cardioversion, at the same energy as during the first reversion, restored sinus rhythm but without the occurrence of ectopic beats.
In 10 patients of group A immediately following the electrical shock, atrial arrhythmias suggestive of overdigitalization developed in addition to the ventricular ectopic beats. Two had transient episodes of paroxysmal atrial tachycardia with block ( fig.  5 ), a disorder which when associated with multiform ventricular esctopic beats almost invariably denotes digitalis intoxication. In seven of the remaining eight there was nodal rhythm with A-V dissociation while the eighth patient showed a changing sinus pacemaker. Thus a majority of group A patients had other findings suggestive of digitalis intoxication in addition to postreversion ventricular ectopic beats. This was not the case with group B patients.
The two groups did not differ with respect to age or sex (table 3). In both groups rheumatic heart disease was the most frequent cardiac condition; there was, however, a higher incidence of patients with coronary artery disease in group A. Digitalis drugs had been administered before cardioversion to 17 of the 18 patients in group A and to 76 of the 82 patients in group B. Both groups had the same percentage of patients receiving long acting digitalis preparations. However, a greater number of patients in group A compared to those in group B were receiving digoxin in a dose of 0.5 mg daily or more. The average serum potassium concentration was the same in the two groups. Thirteen of the 18 patients in group A received more than one shock. The severity of the ventricular arrhythmia in these patients increased with increase in energy of discharge ( fig. 6 ). This was observed in 12 of 13 patients. At shocks of 50 ws only one of the 13 had bigeminy, at 100 ws six showed this response. In view of this finding the energy for reversion of group A and B was compared. The energy for group A was 120 ws and for group B 110 ws. This difference is not statistically significant.
Discussion
This analysis of 100 consecutive patients with atrial fibrillation associates the development of post-cardioversion ventricular ectopic mechanisms with the occurrence of arrhythmias prior to the electrical treatment suggestive of digitalis excess. Indeed, the patient in atrial fibrillation who exhibits paroxysms of nodal rhythm, nodal escape beats, Wenckebach type of A-V conduction, or bradycardia, has a 50% chance of developing ventricular arrhythmias following cardioversion. This is true whether or not sinus rhythm is restored by cardioversion.
A number of reports have called attention to the occurrence of serious disorders of rhythm in patients who were subjected to cardioversion while overdigitalized. 16' 17, 19, 20 Rabbino and associates16 have reported on three patients with arrhythmias presumably due to digitalis overdosage in whom attempted cardioversion produced ectopic ventricular activity followed by ventricular fibrillation. Figure 6 In patients with long-standing atrial fibrillation, successive shocks at progressively higher energies result in increased incidence of multiform ventricular ectopic beats.
All three patients had received excessive doses of digitalis, two exhibited paroxysmal atrial tachycardia with block, and one had ventricular tachycardia. High initial energies were employed for these cardioversions. This result emphasizes the extreme hazard of treating digitalis toxic arrhythmias with electrical discharge. Graff In other reports of arrhythmias following cardioversion, the possible role of digitalis was not defined. ' 6, 15 223 Gilbert and Cuddy17 reported recently on post-cardioversion arrhythmias as they relate to the state of digitalization. This report is based on 44 patients who were subjected to cardioversion. The presence of digitalis intoxication in the majority of these patients was judged by the occurrence of first degree A-V block. However it has been shown that prolonged A-V conduction is an attribute of the patient with chronic atrial fibrillation.24 Gilbert and Cuddy'7 stated that the arrhythmias following cardioversion are due to the restoration of sinus rhythm rather than to the administered electrical shock. They offered no explanation as to why sinus rhythm should predispose to digitalis intoxication. They maintained that similar arrhythmias occur when quinidine is employed for reversion. If A-V block is used as the major criterion for judging digitalis toxicity, it would follow that a high incidence of "toxicity" would be encountered whatever the method of reversion. This would occur because, as already stated, patients who Circulation, Volunie XXXIII, June 1966 develop atrial fibrillation have impaired A-V conduction. Two lines of evidence support the view that the electrical discharge rather than the redevelopment of sinus rhythm is the critical factor. In the first place these arrhythmias follow electrical shock when sinus mechanism is not restored; in the second place a direct correlation exists between the energy of discharge and the development of digitalis-like arrhythmias. Recent animal experiments have provided decisive evidence that digitalization to a near-toxic endpoint strikingly lowers the threshold for electrical discharge. '8 The mechanism by which electrical discharge provokes digitalis arrhythmias in the marginally or fully overdigitalized patient remains to be defined. Several 
